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ABSTRACT 
Factors affecting the uptake of Ca from postharvest CaCl dip 
2 
solutions into apple (Malus pumila Mill,) tissue were investigated. 
Uptake took place primarily from residues during storage of the fruits. 
A 2% or 4%(w/w) concentration of CaC^ significantly increased ’McIntosh’ 
flesh Ca, and a 4! solution significantly increased the flesh Ca of ’Bal- 
dwin’ and ’Cortland’ apples. The presence of thickeners, a surfactant, 
a fungicide, a scald inhibitor, or combinations of these materials did 
not affect Ca uptake by ’McIntosh’ from a 2% CaG^ solution. Relative 
humidity of the storage atmosphere did influence uptake of Ca from dip 
residues, but the effect varied among experiments. Site of uptake varied 
with cultivar; ’McIntosh’ appeared to take up Ca through both the epid¬ 
ermis and calyx, while ’Baldwin’ appeared to absorb Ca mainly through the 
epidermis, with the lenticels being the likely sites of penetration. The 
absorbed Ca was rapidly translocated in the fruits, but distribution was 
not uniform; most Ca remained near the site of entry. A 4% CaCl^ dip 
solution decreased the incidence of senescent breakdown and resulted in 
% 
firmer ’McIntosh’ apples after storage. 
2 
i.- 
INTRODUCTION 
Calcium apparently has an important role in protecting apples ag¬ 
ainst many physiological disorders, especially after harvest. The occur¬ 
rence of bitter pit, internal breakdown, low temperature breakdown, len- 
ticel blotch, and watercore have all been related to low fruit Ca levels 
(11). The incidences of Ca-related disorders have been increasing, there¬ 
fore there is much interest in finding ways to increase the Ca content 
of the fruit. Postharvest dips in calcium chloride (CaCl2) solutions offer 
a possible means of doing this. They have been used to increase fruit Ca 
level and reduce the incidence of bitter pit (1, 9, 12) and internal break¬ 
down (2, 7, 10, 12). These dips may lead to reduced respiration rate (2) 
and firmer fruits after storage (7). 
We have studied factors that may influence the uptake of Ca from 
solution and distribution within the fruit, knowledge that is important 
in attempting to maximize uptake. We compared different compositions of 
the dipping solution, with varying CaCl2 concentrations along with various 
additives to the solution. We also examined storage relative humidity(R.H.) 
to determine if it could influence uptake from residue, since van Goor (13) 
found low R.H. increased Ca uptake by apples. Thirdly, we looked at apple 
characteristics that might influence penetration, attempting to determine 
where Ca enters the fruit from a solution or residue. 
3 
. . MATERIALS AND METHODS 
Most of the apples in the experiments were grown at the University 
of Massachusetts Horticultural Research Center, at Belchertown. However, 
those apples used in the ^Ca tracer experiments were obtained from 4 
commercial orchards in Massachusetts. The apples were harvested at nor¬ 
mal picking time and stored at 0°C until used. Except where otherwise 
noted, samples consisted of 10 fruits, and tests vrere replicated 4 or 5 
times. Each replication v/as from a different tree, or in the case of 
45 
the Ca experiments, from a different orchard. 
Dipping solutions were prepared using technical grade 77-80% flake 
CaG^ produced by Allied Chemical Co. Concentrations of CaG^ varied 
from 0. 5% (w/w) (4 lbs/100 gal) to 4%(w/w)(32 lbs/100 gal). Following the 
results of Mason, et al. (6), arrowToot, a thickener, wras added at 2.5% 
(w/v) while Keltrol (Kelco Co.), another thickener, was used at 0.7%(w/v). 
The surfactant BIO-88, made by Kalco Lab. Inc., was used at a 0.01%(v/v) 
concentration. This surfactant was chosen because of its low surface 
tension (29 dynes/cm at 20°C in 0.1% H2O). Benomyl (Benlate) wras used at 
1 
300 ppm and diphenylamine (DPA) at 1000 or 2000 ppm. 
Apples were dipped in various solutions at approximately 2fPc for 
about 30 seconds. They were then stored in cold storage for various len- 
V 
gths of time. Low R.H. was maintained with a dehumidifier and desiccant. 
4 
The R.H. was measured with a gauge made by the Chemical Rubber Co. After 
storage, apples were washed and mechanically peeled. The skin wras dis¬ 
carded and the apples were peeled again, taking a sample of flesh just 
beneath the skin from the calyx half of the apple. This is where the Ca 
4 
« 
concentration of the apple is lowest and where disorders most frequently 
occur (4). The sample was then frozen, dried, crushed, wet ashed and 
analyzed for Ca with a Perkin-Elmer Atomic Absorption Spectrophotometer, 
Model 214. All Ca values are reported on a dry wt basis. 
45 
The Ca was procured from Amersham/Searle Co and a 2% CaCl2 sol¬ 
ution was labelled with 3/i.Ci/ml. A designated side of each apple was 
dipped in this solution. The apples were then stored with the labelled 
side up, on fiber trays. After storage for various lengths of time, they 
were washed twice with 0.5 M HC1 and then rinsed twice with distilled water. 
The apples we re then cut down the marked middle through the calyx and ped¬ 
uncle end. A cork borer sample was taken at the calyx end of the labelled 
side, sampling from the inside outward. Discs approximately 2 mm thick 
were then taken at 3 depths, just beneath the epidermis, and 1 cm or 2 cm 
below the epidermis. Discs of 10 different apples were then composited 
for analysis. The tissue was dry ashed, taken up in 2 ml of HC1 and 13 
ml of PCS, a complete cocktail mix and solubilizer(Amersham/Searle Co.). 
These samples were then counted for 20 minutes by a Beckman LS-100 liquid 
scintillation system using a pre-set carbon-14 window. A ^JCa standard 
of 5000 dpm was measured with 57% efficiency. This method was essentially 
that used by Lidster (personal conrnunication) at Summerland, B.C., Canada. 
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RESULTS 
Preliminary experiments were conducted with a number of different 
cultivars, in which various combinations were tested for their effects 
on Ca absorption by apples. These tests clearly indicated that low CaCl^ 
concentrations (0.5 or 1.01, w/w) in the dip solution were insufficient to 
substantially increase the Ca level of apples, and that low Ca concentra¬ 
tion could not be overcome with addition of 2.5%(w/v) arrowroot, by inc¬ 
reasing time in solution from 1 min to 60 min, or by increasing solution 
temperature to 44^C (Appendix Table 1). Apparently, the factor most inf¬ 
luencing uptake was the concentration of CaCl^ in the solution, and a 
factor with additional impact was the R.H. of the storage atmosphere after 
dipping (Table 1 and Appendix Table 2). As a result, formal tests employed 
only 2% or 4% (w/w) CaCl2, with the solution being cold (tap-water temp) and 
the dipping time being 30 seconds. 
To determine the relationship between CaCl2 concentration and sto¬ 
rage R.H. in attaining maximum Ca absorption, ’McIntosh* and ’Baldwin’ 
apples (which had shown different responses in preliminary tests) were dip¬ 
ped in 21 or 4% CaCl2 and stored at about 90% R.H., or in excess of 951 R. 
H., in 0°C air. Each CaCl2 concentration was tested with and without 2.5% 
arrowroot as a thickening agent. Fruits were sampled after 1 day and 
V 
again after 1 month. 
One day after dipping no samples of ’McIntosh’ (Table 2) or ’Baldwin’ 
(Table 3) contained significantly more flesh Ca than the control fruit, 
suggesting that little Ca was absorbed during the dipping process itself. 
It is note-worthy, however, that ’Baldwin’ fruits showed a strong tendency 
toward higher Ca content while ’McIntosh’ clearly were uninfluenced by the 
6 
Table 1. Effects of CaCl^ concentrations in the dip solution, and 
relative humidity of the storage atmosphere after dipping, on the Ca 
concentration in apples2 after storage at (ft for 1 month. 
CaCl? cone.(w/w) Flesh calcium , ppm (+ S.E.) 
in dip solution Approx. 901 R.H. >953 R.H. Mean 
OS 158+8 162+9 160 
is 191+8 169±7 180 
2% 195+13 187+12 191 
3S 224+7 196+4 210 
4S 212+12 204+10 208 
Mean 196 184 
z 
: Me Intosh ’, ’ Cor11 and’ , and ’Baldwin’ apples, each cultivar treated 
as a single replication of the experiment. 
7 
Table 2. Effects of CaCl^ concentration and storage R.H. on Ca 
concentration in ’McIntosh' apple flesh. 
Treatments 
1 Day after dip 1 month after dip 
90% R.H. 
ppm 
>95% R.H. 
PPM 
90% R.H. 
. PPm 
>95% R.H. 
ppm 
Control 18Sabz 180a 197abc 196abc 
2% CaCl 
Ld 
195abc 185ab 262def 228cde 
2% CaCl +Ary 205abc 175a 272f 226bcd 
4% CaCl2 179a 171a 264def 265def 
4% CaCl 2+Ar 184ab 175a 266def 269ef 
z 
Mean not followed by a common letter are significantly different(p=.05) 
^Arrowroot, 2.5% (w/v). 
8 
Table 3. Effects of CaCl^ concentration and storage R.H. on Ca 
concentration in ’Baldwin* apple flesh. 
Treatments 
1 Day after dip 1 Month after dip 
90% R.H. 
ppm 
>95% R.H. 
ppm 
90% R.H. 
ppm 
>95% R.H. 
ppm 
Control 143abz 133a 134a 148a-c 
2% CaCl 
2 
166a-e 153a-d 165a-e 186a-£ 
2% CaCl +Ai-y 
2 
151a-c 159a-e 177a-f 196b-f 
4% CaCl2 153a-d 164a-e 203c-f 213ef 
4% CaCl2+ArV 168a-e 137a 208def 227f 
zMeans not followed by a common letter are significantly different (p=. 05). 
Arrowroot, 2.51(w/v). 
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previous day’s treatment. One month after dipping significant increases 
in flesh Ca were seen in both cultivars following 4% CaCl2 treatment. In 
’McIntosh’, using a 2% CaCl2 dip, keeping the apples at 90% R.H. resulted 
in a significant increase in flesh Ca, while those stored at a R.H. of 
greater than 95% showed no such increase (Table 2). This uptake in lower 
R.H. storage from 2% CaCl2 dip residue was of the same magnitude as that 
from the 4% dip at both humidity levels. In ’Baldwin’ the R.H. differences 
had no effect on the uptake and 4% CaCl2 was necessary to significantly 
increase flesh Ca (Table 3). The trends suggest an increase in Ca with 
the 2% CaCl2 dip but the sample size was not great enough for this to be 
significant. In all cases the addition of arrowroot to the dip solution 
had no effect on the Ca uptake. 
Various additives have been reported to influence Ca absorption from 
a CaCl solution (6, 9,10). Further, commercial adoption of the practice 
2 
would likely incorporate CaCl2 into a solution containing a scald inhibit¬ 
or and a fungicide. To determine effects of possible additives on Ca 
uptake, ’McIntosh’ apples were dipped in various combinations of materials 
with 2% CaCl2, stored in 0°C air at greater than 95% R.H. for 3 months, 
and analyzed for flesh Ca concentration. Results were clear-cut (Table 4). 
All treatments resulted in a significant increase in flesh Ca over the 
control fruit but no treatment resulted in Ca uptake significantly differ¬ 
ent from the 2% CaCl^ alone. Thus, the presence of the thickeners, surf¬ 
actant, fungicide, and anti-oxidant in the dipping solution neither aided 
nor hindered Ca uptake by ’McIntosh'. In this experiment, where ’McIntosh’ 
were stored at 95% R.H. for 3 month, 2% CaCl2 was sufficient to increase 
10 
Table 4. Effects of various additives to the dipping solution on Ca 
concentration in ’McIntosh1 apple flesh after 3 months at 0°C and >95% 
relative humidity. 
Composition of 
dipping solution2 
Mean Ca cone. 
in flesh (ppm) 
% Increase 
over control 
Control(not dipped) I47a^ 
CaCl 
2 
188b 28 
CaCl2, BIO-88 184b 25 
CaCl2, arrowroot 192b 31 
CaCl2» Keltrol 192b 31 
CaCl2, benomyl, DPA 188b 28 
CaCl2, arrowroot, benomyl, DPA 194b 32 
CaCl2» Keltrol, benomyl, DPA 198b 35 
Concentrations of components: CaCl , 2%(w/w); BIO-88, 0.01%(v/v); 
arrowroot, 2.5%(w/v); Keltrol, 0.7%(w/v); benomyl, 300 ppm; DPA, 2000 ppm. 
y 
Means not followed by a common letter are significantly different 
(p=. 05 and p=.01). 
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the flesh Ca significantly, in contrast to the earlier studies (Tables 
1,2, and 3) where storage time was only 1 month. However, in an add¬ 
itional study with both ’McIntosh’ and 'Baldwin', this effect of storage 
time was not confirmed due to high variance among samples (Appendix Ta¬ 
ble 3). 
'McIntosh' and 'Baldwin' frequently differed in Ca absorption in 
the above tests. To better understand how Ca is penetrating the apple, 
and at what rate and to what depth, we conducted a series of tests on the 
45 
2 cultivars using Ca as a radioactive tracer. As the above tests ind¬ 
icated that R.H. influenced the Ca uptake by 'McIntosh' apples, but not 
the uptake by 'Baldwin' apples, we did an additional experiment with 
45 
'McIntosh'. They were dipped in a Ca labelled 2% CaCl solution and 
L 
stored at both 90% and >95% R.H. for 6 and 12 weeks. After being stored 
for these lengths of time, there were no differences in uptake seen at 
these relative humidities (Appendix Table 4). Additional experiments 
with 'McIntosh' and 'Baldwin' stored for 1, 2, and 4 months showed no 
R.H. effect at these 2 humidities (Appendix Table 3). Thus, the 90% R.H. 
effect in increasing Ca uptake was only seen in 1 experiment with 'Mc¬ 
Intosh' stored for a month. 
Using ^Ca as a tracer we looked at the penetration of ^^Ca into 
the fruit of the 2 cultivars after 2 days, 2 weeks, 1-1/2 months, and 
3 months of storage. Flesh samples'were taken at 3 depths: just under 
the epidermis, 1 cm deep and 2 cm deep. In ’McIntosh’, radioactivity 
just beneath the epidermis increased 4-fold between 3 and 15 days after 
treatment (Table 5), providing further evidence that most uptake of Ca 
was from residue. However, nearly all absorption occurred during the 
12 
4S 
Table 5. Penetration of Ca into ’McIntosh’ and ’Baldwin’ apple 
flesh during storage at 0°C and 90% R.H. 
Days after 
treatment 
Activity at indicated depth into fruit 
Under epidermis 1 cm 
(cpm/ g fr wt) 
2 cm Sum 
’McIntosh’ 
3 423az 324a 438a 1185 
15 1685b 467a 1010a 3162 
41 1326b 657a 1009a 2992 
84 1877b 751a 697a 3325 
Mean 1328 550 788 
'Baldwin ’ 
2 694a 92a 106a @92 
14 1420a 211a 147a 1778 
41 4294b 968b 656b 5918 
84 5675b 1424c 700b 7778 
Mean 3046 674 402 
zNumbers in a column and a cultivar not followed by a common letter are 
significantly different (p=.05). 
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first 2 weeks after treatment, since total activity for the 3 depths was 
about equal after 15, 41, and 84 days of storage (Table 5). After only 
45 
3 days of storage, Ca was equally distributed throughout the fruit 
flesh analyzed, indicating rapid translocation. The large influx of 45Ca 
during the following 12 days was not evenly distributed, however; the 
flesh just below the epidermis contained 3 times the radioactivity of the 
flesh 1 cm deeper into the fruit, and this 1 cm deep tissue still had 
less activity than the more superficial tissue after 84 days of storage. 
Thus, while penetration occurred rapidly, the absorbed 45Ca was not un¬ 
iformly distributed throughout the fruit. 
Radioactivity at the 2-cm depth in 'McIntosh’ was not significantly 
different from that at the 1-cm depth. Yet, it tended to be numerically 
higher although it was further from the epidermis. This suggested that 
45 
some Ca had entered the fruit through the calyx into the core cavity 
and therefore 4^Ca penetration was occurring from both the surface and 
the center of the fruit. 
45 
Penetration of Ca into 'Baldwin' apples was substantially dif¬ 
ferent from the above. Absorption from the surface residue continued 
throughout the 3 month storage period (Table 5), as also did the distri¬ 
bution of activity within the fruit. Furthermore, absorption appeared 
V 
to be primarily from the perimeter of the fruit, since radioactivity at 
4 
the 2-cm depth tended to be lower than that at the 1-cm depth, in con¬ 
trast to the data for 'McIntosh'. Total radioactivity for 'Baldwin' 
fruits was about twice that of 'McIntosh' fruits after 84 days of sto¬ 
rage, due to this continued uptake. However, most of the difference 
was due to the very high levels of activity just beneath the epidermis 
after extended storage times. 
14 
In order to further elucidate the sites of Ca entry* we applied 
various physical treatments to apples before dipping; we sealed the calyx 
with wax, sealed the sides with wax leaving the calyx open, removed the 
cuticle with alcohol, or made a small puncture in the fruit prior to 
_ . . 45 
dipping in the Ca solution. After storage for 2 weeks a plug of apple 
flesh weighing approximately 1 gram (fr wt) was taken from the apples 
45 
parallel to the calyx, and the Ca activity was then measured. The re¬ 
sults (Table 6) indicated trends but, due to the insufficient number of 
replications and the amount of variation, the results were not signific¬ 
ant. As would be expected, sealing 'McIntosh* apple sides appeared to 
decrease the uptake of ^Ca quite substantially ( i.e., to 20% of the 
control fruits). This again indicated that most of the Ca was absorbed 
through the skin. Sealing '‘McIntosh* calyces decreased uptake slightly, 
suggesting that perhaps there was some uptake of Ca through the calyx as 
suggested earlier (Table 5). Removing cuticle from 'McIntosh* apples 
appeared to enhance uptake, and puncturing the fruit increased uptake 
greatly, indicating that the epidermis is limiting Ca absorption. In 
'Baldwin' sealing the side seemed to decrease Ca uptake while sealing 
the calyx did not, suggesting that most of the Ca is penetrating the 
fruit through the skin and little through the calyx, as suggested earlier 
45 
(Table 5). Removing 'Baldwin' apple cuticle had no effect on Ca ac- v 
tivity in the flesh. 
To get an indication of the natural openings in the fruits, we sub¬ 
merged some apples in warm water. When 'McIntosh* were submerged an air 
bubble very rapidly appeared at the calyx, then slowly a few smaller air 
bubbles appeared on the sides. With 'Baldwin' on the other hand, large 
bubbles rapidly appeared on the sides and a smaller air bubble slowly 
developed at the calyx. 
15 
Table 6. Effects of various physical treatments on ^5Ca absorption 
into ’McIntosh’ and ’Baldwin’ apple flesh after 2 weeks at 0°C and 92% 
R.H.Z 
Treatment 
’McIntosh’ ’Baldwin’ 
dpm/ g fr wt % control dpm/ g fr wt % control 
Control 1918ay . 3503a 
Sealed side 384a 20 1289a 37 
Sealed calyx 1470a 77 4548a 130 
Cuticle removed 3034a 158 3738a 106 
Puncture 14863b 774 6371a 182 
^ean of 15 replications, single apples serving as a replicate. 
y 
Means in columns not followed by a common letter are significantly 
different (p=.05). 
•i 
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A small-scale pilot study was conducted to measure possible benefits 
to the fruits from CaCl^ dip treatments. One bu samples of 'McIntosh’, 
'Baldwin', and 'Cortland' apples were dipped in mid-October and stored 
for over 3 months at 0°C and >95% R.H. in air. In 'McIntosh' 2 or 4% 
CaG^ was needed to significantly increase the flesh Ca (Table 7). Inc¬ 
reasing the Ca decreased senescent breakdown from 16% in the controls, to 
2% following a 4% CaCl^ dip. The fruit dipped in 4% CaCl^ were also sig¬ 
nificantly firmer than the controls after storage. By regression analysis 
it was found that there was a linear relationship between Ca concentration 
and firmness after storage and that for every 1 ppm increase in flesh Ca, 
the 'McIntosh' fruit wTere 0.004 lb firmer after storage. In 'Baldwin' 
and 'Cortland' only 4% CaQ^ significantly increased the Ca level of the 
fruit (Table 8). No significant effect of treatments on firmness was 
measurable with either 'Baldwin' or 'Cortland' and regression analysis 
of 'Cortland' detected no relationship between Ca level and firmness under 
the conditions of this test. In 'Cortland' senescent breakdown was seem¬ 
ingly reduced from 17% in the control to 6% with 4% CaC^ (Appendix Table 
6), but the variation was so great that the difference was not significant. 
There were very low incidences of other disorders and they were not inf¬ 
luenced by treatment (Appendix Tables 5 and 6). Some flecks of calyx end 
burn were seen in 'Cortland' apples, but only a few apples exhibited this 
and in those that did, it was a very minor problem. No other signs of 
injury to the fruits from treatments were evident on any cultivar. 
17 
Table 7. Effect of increasing CaCl concentrations on flesh Ca, firm- 
Ld 
ness, and senescent breakdown in ’McIntosh’ apples, stored in 0°C air 
for 3 months. 
Flesh Ca Firmness (lbs Senescent 
Treatment2 (ppm) pressure)^ breakdown (%)x 
01 203aw 8.7a 16a 
0.5% 206a 8.7a lOab 
n 240ab 8.7a 9ab 
' 2% 263bc 9. Oab 3b 
4% 307c 9.2b 2b 
ZA11 solutions contained 1000 ppm DPA and 300 ppm benomyl, in combina¬ 
tion with indicated CaG^ concentration. 
^Measured after being out of storage 1 day. 
Pleasured after being out of storage lweek. 
Cleans in columns not followed by a common letter are significantly 
different (p=.05). 
18 
Table 8. Effects of increasing CaCl0 concentrations on the flesh Ca 
of ’Cortland’ and ’Baldwin’ apples, stored at 0°C air, for 3 months. 
Treatment2 
Flesh calcium (ppm) 
’Cortland’ ’Baldwin' 
01 212aX 
* 
163a 
0.51 229a 171a 
1% 257a 172a 
. 2% 270ab 193a 
n 318b 230b 
ZA11 solutions contained 1000 ppm DPA and 300 ppm benomyl, in combination 
with indicated CaG^ concentration. 
^Means in columns not followed by a common letter are significantly 
different (p=.05 andp=.01). 
19 
DISCUSSION 
These experiments demonstrate the potential for increasing the Ca 
content of apples through postharvest dips. Ca concentration in ’McIntosh' 
and ’Cortland’ was increased by more than 100 ppm, and in ’Baldwin’ by 
more than 60 ppm (Tables 7 and 8). Absorption was primarily from residue 
left on the apple, with little or no Ca entering the fruits during the 
actual dip (Tables 2 and 3), although it appeared that cultivars may 
vary in their manner of absorption. , 
Scott and Wills (10) showed that water-soluble dyes can enter ’Jon¬ 
athan’ apples via the calyx during a dip and then move to the core cavity. 
For 'McIntosh' and especially 'Baldwin’ apples, however, the calyx appear¬ 
ed to be a minor site of Ca absorption from the dipping solution (Tables 
5 and 6). Without doubt, if apples do have an "open” calyx, solution 
will enter the fruit in this manner. However, our data suggested only 
slight uptake through the calyx by 'McIntosh' and none by ’Baldwin' due 
to their relatively "closed" calyx apertures (Table 6). Ca penetration 
across the epidermis thus appeared to be the primary route of entry. 
Since the absorbed Ca was not uniformly distributed throughout the fruit 
(Table 5) epidermal penetration may be especially important physiologically, 
since most of the absorbed Ca was retained in the tissue very near the 
epidermis, where Ca concentration is lowest (4) and disorders often 
originate. 
Epidermal absorption might involve transport across the cuticle 
and epidermal cells, or might occur through open lenticels. Kolattukudy 
and Croteau, at Washington State University, were unsuccessful in attempts 
to obtain Ca transport across apple cuticle (personal communication). In 
20 
our tests cuticle took much longer to remove from ’McIntosh’ than from 
\ ■ 
’Baldwin’ using ethanol, suggesting that ’McIntosh’ was covered by a 
denser cuticle than 'Baldwin’. Removing ’McIntosh’ cuticle may have 
slightly enhanced 45Ca uptake, while removing ’Baldwin’ cuticle did not 
affect uptake at all (Table 6). Thus, while the cuticle can probably 
be a strong barrier against Ca penetration, its removal did not enhance 
45 
Ca uptake, suggesting that the epidermal cells themselves can absorb 
little Ca, and that little or no uptake takes place across the epidermal 
cells. Both ’McIntosh’ and ’Baldwin' apples exhibited open lenticels, 
although they were more numerous on ’ Baldwin ’, and these therefore would 
appear* to be the sites of Ca penetration of the epidermis. Martin and 
Lewis (5) reported that the lenticels were the major entry route of 4^Ca 
applied to Australian apples. Although the evidence is not conclusive, 
it would appear that Ca may be absorbed from the exterior, almost exclus¬ 
ively through natural openings in the apple fruit. Therefore, the more 
openings available the more readily Ca will penetrate. Submerging apples 
in warm water and observing air bubble formation may be a quick test to 
determine accessibility of these openings and thus get an indication of 
how readily the fruits will respond to postharvest dips: if many bubbles 
appear quickly, perhaps reduced CaCl^ concentrations may be employed. 
We tried to optimize Ca uptake by varying the dip solution composition. 
? 
In doing so the only factor that brought about increases in the amount of 
4 
flesh Ca was increasing CaC^ concentrations (Tables 1,2,3,7, and 8). No 
effect was seen from any of the additives that were included with a 2% 
CaCl2 dip (Tables 2,3, and 4). Arrowroot and Keltrol were included to 
thicken the dipping solution and thereby, hopefully#increase adhesion of 
the Ca to the fruit. Mason, et al.(6) found that arrowroot and Kelzan M 
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increased Ca uptake substantially. In our work, however, the thickeners 
had no effect on Ca uptake by 'McIntosh' (Tables 2 and 4) or 'Baldwin* 
(Table 3). A strong surfactant, BIO-88, was included, as it might improve 
the spread of Ca over the fruit, although Mason, et al. (6) found that sur¬ 
factants reduced the total amount of Ca retained from CaCl2 dip by increas¬ 
ing run-off. Our work showed that BIO-88 had no effect on Ca uptake from 
CaCl^ dip by 'McIntosh' (Table 4). Scott and Wills (10) have shown that 
2% CaCl dip with benomyl and DPA decreased apple breakdown more than 2% 
alone; DPA and benomyl alone had no effect on breakdown, suggesting that 
they might increase Ca uptake. However, we found no evidence of this(Table 4). 
The optimum CaCl9 concentration for the dip solution is not clear. 
We found 4% CaCl^ to increase Ca concentration significantly in 'McIntosh', 
'Baldwin', and 'Cortland' apples, while effects of 2% CaCl were variable 
(Tables 2,3,7, and 8). This does not mean that at lower concentrations the 
45 
Ca is not penetrating the fruit, for the Ca tracer experiments demonstra¬ 
ted that a 2% Ca solution did penetrate into the flesh (Table 5). However, 
individual fruits vary greatly in their absorption of Ca as well as in 
their native Ca concentration, so that the effect of 2% CaCl was not en- 
2 
ough to significantly increase the fruit Ca concentration consistently with¬ 
in our relatively small sample sizes. Furthermore, the most suitable CaCl 
7 2 
concentration probably varies with the cultivar being treated and the grow¬ 
ing conditions. Sive and Reznisky (12) found that 1 to 2% to be the best 
CaCl^ concentration for 'Grand Alexander' apples in Israel. Scott and 
Wills (10) found 41 to be as good as 6% in reducing breakdown in 'Jonathan' 
apples in Australia. In Canada, 4% CaCl^ solutions are recommended for 
'Spartan' apples (8). 
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Because Ca uptake was almost entirely from residues during subsequent 
i 
' * 
storage of apples, the storage environment must be considered as a factor 
in optimizing uptake. Relative humidity is a component of this environment 
that can affect Ca uptake. Van Goor (13) demonstrated that at 20-30°C, 
Ca uptake by ’Cox’s Orange Pippin' apples during 8 days, was less under 
saturated vapor conditions (100% R.H.) than at 50-80% R.H. Martin and Le¬ 
wis (5) found higher rates of Ca penetration at 85-90% R.H. than lower R.H, 
during storage, and Bangerth (1) found that a high R.H. (90%) in the sto¬ 
rage increased the Ca movement from the fruit surface into the tissue and 
increased the translocation of this Ca through the fruits. The R.H. dif- 
, 4 
ferences we employed did not have consistent effects. ’McIntosh' stored 
for 1 month after a 2% CaCl dip absorbed more Ca in 90% than 95% R.H. 
(Table 2), perhaps by concentrating the residual solution to the equivalent 
of the 4% CaCl residue (which was not affected by R.H.) and producing an 
2 
optimum concentration. Other experiments, however, produced no significant 
R.H. effects (Table 3 and Appendix Tables 3 and 4). Furthermore, in the ^Ca 
tracer study, uptake by 'McIntosh' appeared to cease after 15 days (Table 5), 
possibly due to crystallization of the CaG^, while uptake by 'Baldwin' 
appeared to continue during 3 months of storage (Table 5). The variable 
effects of R.H. may reflect inadequate control or measurement of R.H. dur¬ 
ing the experiments, inappropriate differences between humidities employed, 
T 
or different methods of storing the fruits, which were individually stored 
on fiber trays in the 4^Ca tests, sometimes stored in bushel boxes (Tables 
7 and 8), and sometimes stored in kraft paper bags (Tables 1,2,3, and 4). 
We observed that in some experiments oily droplets persisted to termination, 
while in others the fruit were dry at the end of the storage period. It 
seems likely that a higher R.H. has a positive influence if it keeps the 
23 
CaCl2 residue in solution, whereas a lower R.H. has a positive effect if 
it increases the effective concentration without precipitation of the CaCl2, 
or a negative effect on uptake if crystallization occurs early in the sto¬ 
rage period, which would presumably terminate Ca penetration through nat¬ 
ural openings. Small differences in the microclimate around the stored 
fruits may thus have a large impact on the effectiveness of postharvest 
CaCl2 dips. Because apples are normally stored for many months, high R.H. 
is probably the desired condition, to avoid precipitation and maintain up¬ 
take over a long period of time and thus obtain maximum benefit from dips. 
Considerable benefit to the fruits can result from postharvest CaCl9 
dips. In ’Baldwin* apples, incidences of bitter pit, internal breakdown 
and decay during storage are negatively correlated with Ca content of the 
fruits at harvest (3). Similar relationships have been found in ’McIntosh’ 
and ’Cortland’ apples (unpublished data). In Massachusetts a flesh Ca 
concentration of about 225 ppm appears to be optimum for quality retention 
during long-term storage of ’McIntosh’ (unpublished data), and in British 
Columbia, Canada, at least 250 ppm flesh Ca is recommended for ’Spartan' 
intended for storage (8). Fruits frequently possess Ca levels substantial¬ 
ly lower than this at harvest, and therefore a high potential for deterior¬ 
ation (Tables 2,4 and 7); the dip therefore made the fruit more suitable 
for long-term storage. Others have also shown that Ca dips reduced the 
incidence of bitter pit and internal breakdown in many different cultivars, 
in various parts of the world (1,2,7,8,9,10,12). 
Commercial application of postharvest CaCl2 dips is rapidly occurring 
worldwide, but not without problems. The CaCl9 solutions are corrosive 
and may shorten the "life” of storage equipment and bins. Furthermore, 
while we detected no injury to ’McIntosh’ and ’Baldwin’, and only slight 
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injury to ’Cortland’, serious damage can occur (2,6,9,10): Reid and Pad- 
field (9) reported that 231 of ’Cox’s Orange Pippin’ apples were injured 
by a 2.51 CaCl2 dip. We also noted that an oily residue persisted on 
some fruits at the end of the experiment, and this may be objectionable, 
although the CaCl^ residue itself is considered harmless to the consumer. 
Due to the potential damage from high concentrations of CaCl2, an under¬ 
standing of the factors that influence uptake of Ca from the solution is 
critical to determination of the minimum CaCl2 concentration to effect- 
l 
ively retain postharvest quality of apples. 
T 
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APPENDIX 
m 
\!% 
Literature Review 
Many physiological disorders of fruits and vegetables are associated 
with low levels of calcium (2). Shear (35) recently listed 22 fruits and 
vegetables that have disorders associated with Ca inadequacy. Most of 
these are necrotic disorders such as blackheart, blossom end rot and tip 
bum. Low Ca levels have been implicated in the development of corking 
disorders in apples such as bitter pit, cork spot, and Jonathan spot (13). 
Other apple disorders related to low fruit calcium levels are internal 
breakdown, low temperature breakdown, lenticel breakdown, cracking and 
watercore (16,18,34,35). Although there has been some success in reducing 
these disorders by raising the Ca levels. Shear recently stated ”... the 
specific role or roles of Ca in reducing or preventing these disorders has 
yet to be determined” (35). 
Internal breakdown and bitter pit are 2 Ca-related disorders that have 
been studied fairly extensively. There are a number of factors that seem to 
influence the expression of these disorders, many of which, however, may be 
related to Ca nutrition. Internal breakdown usually occurs after harvest 
and is more prevalent in late picked fruit; high relative humidity (R.H.) 
in storage seems to accentuate the disorder (18,28,42). Perring (27) in 
England has determined that ’Cox's Orange Pippin' apples containing greater 
than 4.5 mg Ca/100 g fr wt will be free from breakdown during storage, where¬ 
as at 3 mg Ca/100 g fr wt, the fruit is liable to breakdown early in stor¬ 
age. These values will differ with location, time, and environment. In 
Massachusetts it was suggested that 'Baldwin' apples with less than 700 ppm 
peel Ca should not be stored (9). Spraying and dipping with Ca solutions 
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have been successful in reducing this breakdown (13,15,18)'. One spray- 
program raised the Ca level of the fruit from 3.7 to 5.4 mg Ca/100 g fr wt 
and concurrently reduced the senescent breakdown from 16% to nil (18). 
Bitter pit is a disorder that may appear before storage. These small, 
dry, brown areas just below the skin are more prevalent at the calyx end of 
the fruit (15). The incidence of bitter pit is known to be affected by many 
environmental, orchard management, and storage factors such as water relation¬ 
ships, pruning mineral nutrition and time of picking. Usually the larger 
the fruit and the drier the growing season the more bitter pit is found. 
Late harvest has been seen to be beneficial in reducing bitter pit during 
storage. Some success has been obtained in reducing bitter pit with CaQ^ 
and Ca(N03)2 sprays 4 to 7 times during the growing season (6,8,18,33,37). 
Sprays typically reduce the incidence from 40% to 10% in ’Cox’s Orange Pippin’ 
(29). Since mobility of Ca in the apple is very low, the Ca must be ap¬ 
plied directly to the fruit for the treatment to be successful. Ca dips 
after harvest have also been used to increase the Ca (1,3,24,25,32,33) 
and decrease bitter pit (18,30,33,36) occurrence during storage. 
Shear (34) has stated that "Ca is a prominent cation in the exchange 
complex of most arable soils and Ca deficiency symptoms seldom appear on 
leaves, but inadequate fruit Ca is a major cause of reduced quality and 
shortened storage life". Thus, there are many factors and complex inter¬ 
actions that inhibit the movement of Ca from the soil to the fruit. Shear 
(34) recently discussed soil factors that influence Ca uptake by fruit 
trees. According to Redmond (29) it has been proposed that Ca movement 
into the apples is related to the water balance of the tree. Ca is taken 
up by the roots and transported to the leaves in the xylen, Ca being rel¬ 
atively mobile in the xylen. In the early part of the growing season the 
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small apples have a high transpiration rate and therefore 'a high water 
requirement, which is supplied through the xylem. Ca is transported read¬ 
ily with this water. A change occurs when the fruits weigh about 30 g; 
transpiration decreases and there is greater need for assimilates which 
are transported from the leaves via the phloem. Therefore during most of 
the growing season the apples are acting as a sink and get sugars and met¬ 
abolites through the phloem. Ca ions are relatively immobile in the 
phloem, while K and Mg ions are mobile, thus an increase in the fruit 
K+Mg/Ca ratio occurs. Ca moves into the fruit during the period of cell 
division, cell wall formation, and seed development. According to Shear 
(34) about 901 of the fruit Ca moves into the fruit during the first 6 
weeks after full bloom. An influx appears to begin again when the meta¬ 
bolic activity of the cells change during the ripening of the fruit. These 
relationships suggest that Ca movement may be hormonally controlled (26). 
After the initial increase in Ca, the amount per apple may increase, remain 
more or less constant, or decline (40). When the water supply is low, fr¬ 
uits compete with the leaves for the water and under these conditions there 
can be an actual migration of Ca from the fruits (29). Ca leaching from 
the leaves may become important in a period of frequent rainfall during 
early leaf development (39). Sprays may help in replacing this lost leaf 
Ca. The fact that there is late movement of Ca into the fruit may explain 
the development of less bitter pit in storage of late harvested apples 
than in apples harvested at an immature stage. 
Once the Ca is within the fruit it seems to be transported through 
xylem-like transport (15). Only a small quantity of Ca is needed for es¬ 
sential metabolic functions, but a much higher concentration is required 
to move the essential active fraction to the site of action (12). 
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Calcium is essential for the normal transport and retention of ions, 
maintaining differential membrane permeability to ions (11,31). Nearly 
all membranes actively maintain a Ca gradient. Auxin transport also dep¬ 
ends upon the structural or functional features of cellular membranes which 
involve Ca (7). Besides maintaining membrane integrity Ca has many other 
important roles, some of which have not yet been elucidated. Calcium pectate 
is the cementing agent between cell walls. Hie activities of ATPase, o<amylase 
and many other enzymes are mediated by Ca (20). In the mitochondria Ca can 
uncouple oxidative phosphorylation and is involved in the organelles’ struc¬ 
tural organization (20). There is also a close association between Ca def¬ 
iciency and chromosomal abnormality (11). 
Ca appears to have an important regulating role in the metabolism of 
apple fruits. It has been seen that respiration of apples is inversely re¬ 
lated to the Ca content of the flesh and peel (5,14). Maturation was unaf¬ 
fected, although under some conditions low Ca fruit lose much of their cap¬ 
acity to synthesize proteins and nucleic acids (14). It is unlikely that Ca 
directly affects tissue respiration. Hisoire (19) has shown an inverse re¬ 
lationship between whole fruit respiration and respiration rates of the mit¬ 
ochondria. Low Ca ’Baldwin' fruits having increased overall respiration 
had lower mitochondrial oxidation rates than high Ca fruits. This suggests 
that the accelerated respiration of Ca deficient apples is due to some extra- 
mitochondrial influence. Bangerth, et al.(3) suggested that Ca may reduce 
respiration rates by limiting the diffusion of substrates from the vacuole 
to the cytoplasm. The higher respiration of low Ca fruits may lead to 
quicker deterioration that is promoted by rapid accumulation of respiratory 
metabolites and increased cellular .disorganization. Working with Ca and 
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sorbitol, Bangerth, et al. (3) suggested that Ca inhibits internal breakdown 
* 
by enhancing the uptake and compartmentation of substrates, particularly 
sorbitol. It has been shown that applications of Ca can reduce the permea¬ 
bility of apple tissue to ion leakage (31), and it is generally beleived 
that Ca acts to delay degradation of cellular membranes and thus retard 
the ageing processes in the fruit. 
Within the apple fruit itself there are large differences in the conc¬ 
entration of Ca. It has been shown that concentration of Ca in the cortex 
l 
of mature apples declined steadily from the stem end to the calyx end (21) 
and this is usually where bitter pit and senescent breakdown are common. 
The apple peel has 3 times more Ca than the flesh (4). The average Ca in 
the fruit is low compared to the rest of the tree (9). 
Much work has been done to increase the Ca levels of the apple fruit. 
Soil applications Of Ca have been of little measurable help. Tree sprays of 
Ca salts such as CaCl2 and Ca(N(y 2 have resulted in some success in increas 
ing the Ca levels and reducing disorders (6,8,18). Sprays have been shown 
to decrease rotting, corking disorders and breakdown. The effectiveness inc 
reases with the concentration and frequency of spraying. Orchardists often 
have unsatisfactory results due to inadequate spray coverage (6,8). Chit¬ 
tenden, et al.(6) demonstrated that when only 1 side of the apple was treat- ■ ' 
ed with 1% Ca(N0^)2> the treated side had a significant decrease in bitter? 
pit, but the untreated side did not, emphasizing the low mobility of Ca in 
the fruit. Bitter pit has generally been reduced 50-75% by sprays. Sprays 
may play a role in maintaining cellular compartmentalization thereby prevent 
ing the development of bitter pit lesions (31). 
Postharvest dips have the advantage of being able to completely cover 
the fruit with solution. Sharpies and Little (33) in 1 trial got similar 
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control of bitter pit with a postharvest immersion for 1 minute in 0.05 M 
4 
Ca(NO3)2 as with 4 summer sprays of 0.05 M Ca(N03)2. CaCl2 has been shown to 
be a more effective salt for dips than Ca(N03)2 (2,17). Ca(NCL)2 will support 
bacterial growth and an undesirable residue is left after storage (1). Other 
substances have been added to the dipping solution in order to increase the 
penetration of Ca into the fruit, with varying and often conficting results. 
Fungicides have been added with mixed success. Thiabendazole (TBZ) was shown 
to have no effect (4), but benomyl plus diphenylamine (DPA) enhanced the ef¬ 
fect of CaCl^ (32). Surfactants were shown by Mason, et al.(24) to decrease 
the uptake of Ca, but thickeners plus surfactant greatly increased Ca uptake. 
The thickeners that they used were Kelzan M at 0.71 and arrowroot at 2.5%(w/v). 
Xeltrol and arrowroot are approved for use in the food industry. These th¬ 
ickeners seem to allow more Ca to adhere to the fruit. One % egg lecithin 
has also been used in postharvest dips with CaCl9 and Ca(N03)9 (30). When 
included in the dips Ca-related disorders were decreased to a greater extent 
than Ca salts alone. Lecithin is highly polar with a lipophilic fatty acid 
backbone and hydrophilic choline head; it is thought that this might assist 
Ca movement through the waxy cuticle. Other less expensive substances are 
being looked for that could substitute for lecithin. Increasing the concen¬ 
tration of Ca also increases the amount of Ca taken up by the apple. Mason, 
et al.(24) have shown a 60% increase in Ca content in ’Spartan’ apples with, 
l%(w/w) CaCl2 as compared to a 35% increase with 0.5%(w/w) CaCl9. The most 
suitable CaCl2 concentration apparently varies with the cultivar being treat¬ 
ed. Sive and Reznisky (36) found 1% to 2% the best concentration for ’Grand 
Alexander* apples. 
Surface damage caused by CaCl9 dips have been noted (3,24,30,32). This 
usually involves some kind of bum at the calyx end of the fruit. In most 
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cases it was not a significant problem, but Reid and Padfield (30) did re- 
port 23% damage to ’Cox's Orange Pippin' with a 2.5% CaCl2 dip. They noted 
that lecithin reduced this to 12% with slight damage. The combination of DPA 
and CaCl2 in a dip has been indicated as occasionally resulting in damage to 
the lenticels on the calyx end of the fruit (32). 
Environmental factors also affect the uptake of Ca from solution. 
Bangerth (2) found that uptake and translocation of ^5Ca in the fruit increas¬ 
ed when R.H. in the storage room was high (90%). Martin and Lewis (22) found 
a higher rate of penetration into the tissue at 85-90% R.H. than at lower hu¬ 
midities. Van Goor (38), however, found that under saturated conditions (100% 
R.H.), when there was little drying, uptake was slower than at lower R.H. 
(50-80%) in 'Cox's Orange Pippin' stored for 8 days at 20-30°C. He proposed 
that evaporation of CaCl^ on the peel surface is important as it concentrates 
the CaCl2 and thus increases diffusion through the peel. Dip temperature 
has been looked at in relation to uptake but it does not seem to change the 
effectiveness in controlling breakdown (32). 
The apple cuticle is a major barrier to the penetration of Ca. It is 
much waxier and heavier than the cuticle on the leaves. Paraffins are expel- 
i 
led to the surface, and give water repellent and water conservation properties 
to the apple cuticle (23). Penetration differs with cultivars and age of the 
fruit. Ca penetrated 1 cm into young apples and only a few mm in older fruits 
i 
(38). Water soluble dyes can be seen to enter the fruit via the calyx and 
# 
move to the core cavity during the dip (32). This indicates that solution 
can enter by physical processes. More important than the Ca absorbed through 
the calyx, though, is probably the Ca absorbed through the epidermis— where 
it will reach the lowest Ca tissue. Penetration into the fruit through the 
calyx and side of the peduncle is more rapid than through the skin (38). It 
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takes time for the Ca to penetrate the epidermis. There has been one re¬ 
port of it taking 10 days for 7-20% of the applied Ca to penetrate to the 
underlying tissue (38). Martin and Lewis (22) stated that the lenticels 
45 
were the major route of Ca entry into apple fruit. They found also that 
the activity in the tissue immediately adjacent to the calyx tube was al¬ 
ways lower than that in the surrounding cortical tissue, thus ruling out 
45 
the possibility of appreciable amounts of Ca entering through the calyx 
tube. Porritt, et al. (28) have also said that "...CaC^ entered the apple 
readily through the open lenticels but much more slowly through the skin”, 
although they presented no evidence. There are more lenticels usually at 
the calyx end of the fruit and so there is a relatively high absorption 
potential at this critical area. Penetration is slow, the hydrophyllic 
Ca ions passing through the skin with difficulty. Penetration "... is 
probably a combination of diffusion, dissolution in the organic layer, 
exchange phenomena with the negatively charged groups in the cuticle as 
counter ions and penetration through lenticels and small cracks" (38). 
r' 
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APPENDIX TABLES 
1 
Appendix Table 1. Effects of length and temperature of CaG^ dip and pre¬ 
sence of arrowroot on flesh Ca of ’Lodi1, ’Quinte', ’McIntosh’ and ’Baldwin’ 
apples. 
Treatment2 
Mean ppm flesh Ca ( ± S.E.) 
after 1 week at 70°F 
Control (not dipped) 116+7 
Dip, 1 min 136+19 
Dip, 5 min 178*10 
Dip, 60 min 146+7 
Dip, 1 min, 44°C 150±12y 
Dip, arrowroot, 5 min 165+8 
Dip, arrowroot, 1 min, 44°C 149±8y 
zDip is in 0.5% CaG^ at tap temperature or 44°C; arrowroot when included 
was 2.5%(w/v). 
^Only ’Lodi’ and ’Quinte’ tested. 
T 
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i 
Appendix Table 2. Effect of relative humidity after dipping on Ca 
uptake by’McIntosh’ apples held at 70°F for 1 week.2 
Treatment^ R.H.X Flesh Ca (ppm) 
Control(not dipped) 44% 105 
Ca dip 98% 118 
Ca dip 90% 121 
Ca dip 54% 135 
Ca dip 44% 132 
2 
Results of only 1 trial. 
^Ca dip in 0.51 CaQ^w/w) and 2.51 arrowroot (w/v). 
X 
44%, ambient air; 98%, sealed in desicator over water; 90%, sealed in 
desicator over saturated NH4SO4; 54%, sealed in desicator over CaSO^. 
V 
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Appendix Table 3. Effect of relative humidity and time in storage on 
flesh Ca of ’McIntosh* and ’Baldwin’ dipped in 2% CaCl2. 
Time after 
dip 
Flesh Ca (ppm) 
Approx. 90% R.H. >95% R.H. 
’McIntosh’ 
Control(not dipped) 168az 194abc 
1 month 186abc 174ab 
2 month 190abc 199abc 
4 month 241bc 250c 
’Baldwin’ 
Control(not dipped) 134a 152ab 
1 month 166ab 167ab 
.2 month 148a 163ab 
4 month 179ab 195b 
z 
Numbers within a cultivar not followed by a common letter are signific¬ 
antly different (p=.05). 
? 
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Appendix Table 4. The effect of storage R.H. on uptake of 45ca into 
’McIntosh’ apples stored for 6 or 12 weeks at 0°C. 
Storage 
time 
Location of sa¬ 
mple in fruit 
4^Ca Activity (cpm/g fr wt) 
Approx. 90% R.H. >95% R.H. 
6 week Under epidermis 1126z 1527 
1 cm deep 657 
2 cm deep 959 1026 
• Mean 914 1294 
12 week Under epidermis 2364 1390 
1 cm deep 848 654 
2 cm deep 802 592 
Mean 1338 878 
zEach number is the mean of 5 replications, each replication consisting 
of 10 apples. 
r 
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Appendix Table 5. The effect of increasing CaCl^ concentrations on 
firmness, bitter pit, and rot in ’Baldwin* apples stored in air at 0°C 
for 3 months. 
Firmness(lbs pressure) Bitter Rot 
Treatment2 out 1 day out 1 week pit my cw 
01 14.1 11.8 5 \ 1 
0.51 13.7 11.4 9 3 
1% 14.3 11.6 4 0 
1% 13.7 11.7 5 1 
4% 14.2 11.7 10 1 
2 
All apples dipped in solutions containing 1000 ppm DPA and 300 ppm 
benomyl plus indicated concentration (w/w) CaC^. 
^Apples out of storage 1 week. 
f 
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Appendix Table 6. The effect of increasing CaCl concentrations on 
firmness, senescent breakdown, and bitter pit in ’Cortland* apples 
stored in 0°C air for 3 months. 
Treatment2 
Firmness 
(lbs pressure)^ 
Senescent 
breakdown(%)x 
Bitter 
pit (%)x 
0% 8.2 , 17 3 
0.5 % 8.2 20 4 
1% 8.1 21 7 
2% 8.2 12 3 
4% 8.3 6 2 
2 
All apples dipped in solutions containing 1000 ppm DPA and 300 ppm 
benomyl plus indicated concentration of CaCl2(w/w). 
^Firmness of apples that have been out of storage 1 day. 
xApples out of storage 1 week. 
ir 
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Appendix Table 7. The incidence cf scald in dipped ’McIntosh' apples, 
stored in 0°C air for 3 months. 
Treatment2 Scald(%) 
0% 66 • 
0.5% 59 
1% 55 
2% 70 
4% 54 
ZA11 apples dipped in solutions containing 1000 ppm DPA and 300 ppm 
benomyl plus indicated concentration (y/w) CaC^. 

